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The Yields of Crops With Different 
Qyantities of Irrigation 
Water 
By 
John A. Widtsoe and L. A. Merrill. 
INTRODUCTION. 
The value of an irrigated farm rests In the land and in 
the water available for irrigation. Usually the water right 
for an acre is worth considerably more than the land itself. 
Under irrigation it is just as important to secure the large~t 
yield per unit of water as it is to obtain the largest yield 
per acre. Owing 'to the high cost of water, the production 
per unit of water is frequently more important than the yield 
per acre. In Utah and the other irrigated states, the water 
available for irrigation, or that which may be made avail-
able, is sufficient to cover but a very small part of the total 
land area. It, therefore, becomes desirable to extend the ir-
rigated zone as far as possible, by using the water at the 
"disposal of the irrigation farmers in the best possible way. 
In the beginning of the settlement of the West, when 
pioneer conditions of the most severe kind prevailed, the 
main efforts of the farmers were exercised in digging crude 
canals and in bringing water upon the farms so that 
starvation might be prevented. There was little opportunity 
in those days for a consideration of any refined methods vf 
IrrIgation. Practically no attempt was made to "measure 
water except as water disputes arose, and then the courts were 
called upon to divide streams, Indeed, water measurements 
in the arid "region came about very largely through judicial 
settlement of disputes. 
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With the growth and development of the irrigG\ted section 
the question of properly using the limited amount of irrigation 
water is becoming more and more important. As more set-
tlers appropriate land under the canals, it is more frequently 
asked just how much water is necessary to produce a fair 
crop; and the thinking farmers ask, further, under what condi-
tions of irrigation can the largest returns per 'acre-foot of 
wa ter as well as per acre be expected. 
Whenever such que tions are asked, it is found that we 
are in sad need of definite information on which to , base de-
pendable answers. The practices 6f the irrigation farmer have 
been well set forth by the office of the Experiment Stations 
of the U . S. Department of Agricultur~, but a surprisingly 
small number of experiments o'n the quantities of water ac-
tually needed by planf~, and on the relationships that exist 
between soils, water and crops, is available. We shall not 
be able to allot properly the water at our disposal, or to use 
it economically, or to ' have placed upon our statute books 
more logical laws concerning the proper use of water, or to 
enable the judge to render more satisfactory deci ions in 
water disputes, until we have gathered a large amount of 
data, under properly controlled conditions, relative to the 
behavior of water when brought upon soils for the production 
of , crops. 
The experiment stations of the western country have 
sensed from the beginning the nece sity of such investigations, 
though few of them have really undertaken serious work along 
this line. The tah tation undertook irrigation experiments 
at its very organization, under the leadership of its first di-
rector, President J. W. Sanborn. The work was necessarily 
of a pioneer kind that might well be associated with the first 
attempts of reclaiming the arid West by irrigation. In 1901 
the Utah station took stock of all its irrigation work and pro-
ceeded to elaborate a new plan whereby facts might be 
gathered that would eventually help in placing irrigation 
on a so~nd cientific basis. These experiments were con-
ducted with more or less interruption during- the ensuing ten 
years. In 1911 the beginning of a new series of experiments 
was planned as an extension of the older work. 
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This and the other bulletins of the present series aim to 
summarize the irrigation work done by the Utah station during 
the years from 1901 to 1911. In this bulletin a re~ord is made 
of tht? actual yields of various crop" obtained with different 
amounts of water. The purpose of the experiments was to dis-
cover methods whereby water may be used in the most eco-
nomical manner. The building of great reservoirs and im-
mense canals is necessarily the first step towards the reclama-
tion by irrigation of any country, yet that of it elf is only 
half of the work. Once the water has been impounded, it 
must be used , for the production of crops. The farmer must 
know how much water to use, when to use it, and those in 
charge of the whole enterprise must' see to it that the largest 
number of acres are reclaimed under the system of reservoir 
and canals. 
It is hoped that the work done during the last decade at 
the Utah Station may be of service in laying the foundation 
for a more rational practice of irrigation, thereby extending, 
even with our pre ent water supply, the irrigated area. That the 
work done here may' stimulate other investigators into more 
comprehensive investigations, leading to yet greater refine-
ments of irrigation practice, is our si'ncere wish. 
Undoubtedly, ,irrigation farming is one of the most desir-
able branches of agriculture. In its methods, possibilities and 
climatic environment, it gives more joy than does any other 
form of land husbanding. The whole scheme of irrigation 
agriculture has been delayed in its development because our 
farmers, the majority of whom are from the humid East, have 
adhered to their former practices even ' under Western condi-
tions. Weare now forgetting the past, ' and are building a 
science of arid agriculture, including irrigation, which will 
give distinctiveness to all our practices and greater pos ibilities 
than we have yet known. 
II. METHODS AND APPARATUS. 
The work discussed in this bulletin was done on the 
Greenville and the Frankhauser farms, which are located 
about one and one-half miles north of the campus of the U,tah 
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Agricultural College at Logan. These ' farms were chosen 
for the work, because their soils are typical of those of the 
Great Basin, being very uniform in chemical and physical 
composition to the full depth reached by plant roots. * This 
uniformity permitted comparisons of different plats to be 
made with considerable certainty. A vegetation house was 
constructed on the College grounds, in which a variety of soils 
was subjected to tests that corresponded to the general plan 
of field work on the farms, in order to learn to what .extent 
the laws discovered were applicable' to other soils. The main 
purpose of the vegetation house was, indeed, to furnish checks 
upon the work done in the field.§ 
On the farms was installed a system of measuring de-
vices by means of which accurately measured quantities of 
water could be applied at any time to any part of the farm. The 
water entering the farm was made to pass through a large 
, Cippoletti weir, which made possible an accurate measurement 
of the water. The stream then flowed in a main rectangular 
flume, until it was diverted into laterals. These were tri-
angular flumes with numerous holes in the sides which were 
ordinarily closed with large ' corks, except when the water 
was applied. The plats themselves were carefully leveled and 
banked about with dirt so that the water intended for a cer-
tain plat was retained there until it had soaked into the 
soil. With this apparatus the work outlined in this and 
the other bulletins of the present series became possible. 
The Greenvil,le Farm was laid off into 100 plats,t all 
of which were used in the irrigation investigations. The 
Frankhauser Farm was also laid off into a ' large number of 
plats,t covered by a similar system of weir and flumes, but 
only some tw.enty-five or thirty of the plats were used in these 
investigations. 
The Greenville ' Farm was generally plowed in the fall, 
carefully prepared in the spring and the crops sown at the 
---;For a description of the soils, see Utah Station Bulletin 115, pp. 
201, 202. 
§A report of some of the work done in the vegetation house can be 
found in Utah Station Bulletin No. 105. 
t29x57 feet. 
t30x58.08 feet. 
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usual time. No attempt was made to introduce new or novel 
methods of cultivation during these experiments. The 
amounts of water were varied; but in every other respect 
the crops were grown according to the approved methods of 
the district. 
The work was usually done in series. For instance, to 
determine the best amount of water for the production of 
wheat, ten or fifteen adjoining plats would be sele·cted. 
One might receive no water; another 5 inches during the 
season; another 7.5 inches; another 10 inches; another 15 
inches, and so on throughout the whole series. Water was 
applied at regular periods and in the quantities prescribed by 
the plans. The crop, having been closely observed during 
its whole period of growth, was harvested very carefully and 
the different parts weighed. Samples of both grain and straw 
were subjected to chemical analysis. In many cases, als~, 
the grain was ground into flour to learn what effect the va-
rious amounts of water had upon the flour value of the grain. 
Other crops, such as sugar beets, were treated in a sim-
ilar manner, the analyses dealing especially with the amount 
and purity of sugar. • 
TABLE No .. 1. 
AVERAGE CLIMATIC CONDITIONS AT GREEN-
VILLE FARM. 
MONTHS 
January ________________ \ 
February _ _ ____________ _ 
11arch. ______ ~ ___________ I 
April ___________________ 1 
11ay ____________________ 1 
June - ------------------1 
July - ------------------1 August _________________ 1 
September ___ '- __________ 1 
October ________________ 1 
November _________ :... ____ 1 
December _______________ 1 
Annual ______________ 1 
Temperature 
24.1 
26.2 
35.2 
47.4 
54.3 
62.7 
71.4 
70.6 
61.4 
47.7 
37.8 
25.9 
47.1 
I Rainfall (Inches) 
1 1.44 
1 1.30 
1 2.00 
I 1.73 
1 2.44 
1 0.86 
I 0.42 
I 0.80 
I 1.07 
I 1.26 
I 1.14 
I 1.02 
1 15.48 
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Table No.1 · shows the average temperature and rainfall 
for the year. The annual precipitation is about 15 inches per 
year; not far from the average pre·cipitation over the inter-
mountain West. 
In this bulletin the quantities of crops arc stated in 
pounds, bushels or tons per acre. Quantities of water are ex-
pressed in acre-inches or acre-feet, meaning the amount of 
water necessary to cover one acre to the depth of one inch or 
one foot, re pectively; or as second-feet, meaning the number 
of cubic feet of water that passes a given point each second. 
Acre-inch equivalent, and acre-foot equivalent mean the 
number of pounds, bushels, tons, etc., produced on one acre 
per each acre-inch or acre-foot of water used. 
Excepting the fruit crops, the investigation of which :'s 
now well under way, the ordinary crops of the Western 
country were examined in these investigations. Of the grain 
crops., wheat, oats, barley and corn were studied. Timothy, 
brome grass, orchard grass, Italian rye grass, arid alfalfa were 
representatives of the hay-making crops, while the root crops 
were sugar beets and carrots. Potatoes represent the tubers, 
and garden crops were typified by .cabbage and onions . Some 
other crops were studied, but are not here reported. · In the 
following .pages each crop or group of crops will be di cussed 
separately. 
III. WHEAT. 
Wheat has always been a staple crop, under irrigation 
of the vVest, next only to alfalfa. In the newer districts 
which are being opened for settlement, it is long- likely to con-
tinue as one of the chief crops. Since dry-farming has dem-
onstrated that profitable yields of wheat can be produced 
without irrigation, the older districts have gradually changed 
from the production of irrigated wheat to that of dry-farm 
wheat. This change is coming more rapidly since it has been 
demonstrated that for milling purposes, dry-farm is superior to 
irrigated wheat. Moreover, wheat is not the most profitable 
crop to grow under irrigation. Apples, peaches and other large 
and small fruits, also ugar beets, potatoes and vegetable 
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yield m uch larger r eturns per acre, and are all crops that 
cannot w~ll be grown without irrigation. As the West builds 
up, there will be a gradual differentiation between dry-farm 
and i rrigat~d crops. The grains and other crops especially 
adapted to dry-farm conditions, will on irrigated. lands eventu-
ally be superseded by crops that produce large returns per 
acre by intensive methods. Irrigation i essentially an inten-
sive, dry-farming an extensive system of agriculture . The 
two ystems will grow up side by side in the reclamation of 
the great arid region. 
That wheat can really be grown without irrigation has 
been amply demon trated in the dry-farm experiments of this as 
well as tho e of other We tern stations, and also by thousands 
of individual experiences. It is interesting, however, to know 
what part of a wheat crop grown under irrigation is pro-
duced by the soil-water and rainfall, independent of irrigation. 
In a test, covering- five years, wheat was grown on a num-
ber of plats w ithout irrigation, and on corresponding adjoin-
ii} 
~;oo 
~ ~ 
Wheal-
.~50r-----------------------------~~==~ 
~ 
~ .~ 
~ ~ ~ 201------------
~ 
~40~--------~----------------------\ 
~ 
\.) 
BO~ ______________________________________________ ~ 
Figure L (See Table No.3.) 
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ing plats with different amounts of irrigation water. Table 
No.2 gives the results obtained. The yield of grain without 
irrigation was over 39 bushels ; with 7.5 inches of water 
nearly 47 bushels. The yield of straw without irrigation was 
3,934 pounds; with 7.5 inches of irrigation water, 4,526 pounds. 
The grain grown without irrigation had absolutely no access 
TABLE NO.2. 
THE CROP PRODUCING POWER OF THE NATURAL 
PRECIPITATION (WHEAT). 
Inches of Irrigation Water Used __ 1 
Yield of Grain (bushels per acre)_1 
Yield of Straw (pounds per acre)_1 
Per Cent of Grain due to N aturall 
Precipitation _ -------------1 
Per Cent of Straw due to Naturall 
Precipitation ______________ 1 
None 
39.22 
3934 
7.5 
46.73 
4526 
83.99 
86.42 
to w~ter, excepting that which fell as rain or snow. The most 
approved cultural methods, however, were utilized. The very 
large yield of wheat in the absence of irrigation (the average 
for Utah is about · 20 bushels), emphasizes the doctrine that 
·it would probably be more profitable, even under dry-farming 
conditions, to cultivate fewer acres but to cultivate them bet-
ter than is ordinarily done. 
Table No.2 shows, then, that of the yield with 7.5 inches 
of water, 84 per cent of.. the grain and over 86 per cent of the 
straw were due to the natural precipitation. , If four-fifths, 
then, of the wheat yield on irrigated lanas is due to the 
rainfall, it becomes very important, no matter whether the 
grain is grown by dry-farming or by irrigation, to conserve 
very carefully the natural moisture in the soil. 
Table No. 3 gives the results obtained in the irrigation 
experiments with wheat. They cover nine years with one 
hundred and forty-two single trials. This table and those 
following are similar in construction. The irrigation water 
used is given in the first line; the soil and rain water used in 
the second line ; the sum of lines 1 and 2 or the t.otal water 
available, in the third line. Line 4 shows the total yields as 
TABLE NO.3. 
THE YIELDS OF WHEAT, AS HARVESTED, WITH DIFFERENT QUANTITIES OF IRRI- t-< 
GA TION WATER. ~ 
t""I 
(Yields are expressed in bushels or pounds per acre.) t:1 en 
(Quantit ies of water used are expressed in acre-inches. ) ~ 
H 
l. Irrigation water applied------ __ 1 5.00 
I 
7.50 
I 
10.00 15 .00 25 .00 35.00 50.00 t-3 ~ 
2. Rainfall and soil wateL ________ 1 13.74 13.74 13.74 13.74 13.74 13.74 13.74 t:1 
3. Total water for use of crop _____ 1 18.74 I 21.24 I 23.74 28.74 38.74 48.74 63.74 H ~ 
~ 
KERNELS. tI:l ~ 
tI:l 
4. Total yield of wheat I I' I z t-3 (bu. per acre) ______________ 1 37.81 41.54 43.53 45.71 I 46.46 48.55 I 49.38 0 
5. Yield per inch of irrigation water1 7 .56 6.39 4.35 3.05 I 1.86 1.39 I .99 c::: >-6. Yield per inch of total water ____ I 2.02 1.96 1.83 1.59 I 1.10 0.996 I .77 z 
t-3 
H 
STRAW. t-3 H 
tI:l 
4. Total yield of straw I en 0 (lbs. per acre) ______________ 1 2986 330 1 3452 3954 4311 4755 5332 ~ 
5. Yield per inch of irrigation waterl 597 440 345 264 172 136 107 ~ 
6. Yield per inch of total water __ ~_I 159 155 145 138 111 98 8 >-
- t-3 
POUNDS OF STRAW FOR ONE BUSHEL OF WHEAT. 
tI:l ('J 
P ounds of straw to one bu. of wheatl 79 75 I 79 I 87 I 93 98 I 108 '.J 
'.J 
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obtained with different quantities of irrigation water; line 5, 
obtained by· dividing line four by line one, shows the yield 
per inch of irrigation water; line 6, obtained by dividing line 
four by line three, shows the yield per inch of the total water. 
The total yield of grain increased steadily as the total 
amount of water was increased. However, as the water was 
augme~ted from 5 to 50 inches, or ten times, the total bushels 
of wheat increased only from 37.81 to 49.38 bushels, or less 
than one-third. After 50 inches of water had been applied, 
the increase of grain was very small. This variation in the 
~300""'------'-o~------------------v.tJ( 00 ~ 
~ Wheal ~ 
~ ~. ~ ~ ~200 .~ 
S ~ ~ ~ ~100 6000 ~ 
~ ~ ~ ~ 
_Crain I\"\~;~.~~~ ~t ,../7W ...• , ... '--' ,.. ~ 
Figure 2. 
yield with the quantity of water used is brought out still more 
forcibly in line 5. With 5 inches of irrigation water, 7.56 
bushels of wheat were obtained for each inch of water; where-
as, with 50 inches of water, only 0.99 bushels or about one-
seventh of the amount per inch when 7.5 inches of water were 
applied. Line 6 shows that when the total water used by 
the crop is considered, there is a strong diminution of yield 
as the total amount of irrigation water increases. This .law, 
which has been previously stated by the Utah Station, here 
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appears with great emphasis: viz., as irrigation water applied 
to wheat is increased, the rate of yield increase is lessened . . 
The same law is shown to exist in the production of straw, 
By increasing the amount of irrigation water from 5 inches 
to 50 inches, that is tenfold, the total yield of st~aw was not 
quite doubled. The yield per inch of irrigation water shows 
a similar falling off. When the irrigation water was increased 
ten times, the yield of straw per inch of water used dropped 
to less than one-sixth. 
Both for the grain .and the straw of wheat the profitable 
use of water ' decreases inversely with the quantity of water 
used. The diminution, however, is considerab~y smaller with 
the straw than with the grain. 
The water does not affect the yields of grain and straw 
alike, but changes their ratio to ea-ch other. The third sec-
tion of Table No .. 3 shows the pounds of straw produced 
for each bushel of wheat with different quantities of irrigation. 
When 5' inches of irrigation water were used, nearly 79 pounds 
of straw were prod.uced for each bushel of wheat. This amount 
increased until with 50 inches- of water, 108 pounds of straw 
were produced for each bushe~ of grain. Not only, then, is 
there a distinct decrease in the yield of grain and straw per 
unit of water as the quantity of irrigation water increases, but 
the proportion of wheat and straw changes also, the grain de-
creasing ·while the straw increases. 
With the~e principles , in mind, it is doubtful whether ~t 
ever pays the farmer to attempt to grow the largest yiela of 
wheat per a-cre. In practically every irrigated locality ot the 
West, there is more land than the available water can possibl y 
cover, so that the farmer always has the opportunity, if he so 
desires, of distributing the water over larger areas . 
. Data on the actual use of water for various crops are 
somewhat difficult to obtain, but it is fairly certain that in 
nearly all localities, farmers use about as much water as they 
can secure. Measurements made on the lands of successful 
farmers, show that in many cases 'when water is plentiful, 75 
to 100 inches are used for the production of the common crops, 
The state engineers of the western states all~w, as a fair 
duty of water for the common crops, from 30 acre-inches up-
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ward per year, not counting the early spring water or the fall 
waters. In Utah the average uSe of water for wheat is approxi-
mately 36 acre-inches per annum. In view of the data here 
presented, it is very questionable, indeed, if under any plan of 
reasoning, such a use of water is advisable. 
Table No.4, has been constructed to show the crop pro-
ducing power of 30 acre inches of water when applied to dif-
ferent areas of land. When the quantity of wa~er was made 
TABLE NO. 4. 
T HE CR OP PRODUCIN G P OWER OF 30 ACRE-INCHES 
OF WATE R W H E N APPLIE D TO DIFFEREN~ 
AREAS O F LAN D (WHEAT). 
30 Acre-Inches Spread Over 
tfl 
I 
tfl tfl 
V tfl V tfl V tfl V tfl tfl ~ V ~ V ~ V ~ V V tfl U..s:: . 
-< -5 ci. U..s:: . u..s:: . ~ :u -<uo.. -<ufr -<uo.. u..s:: ci. 
I=: ~ I=: ~ V C v I=: v -<uv ~v I=: v 
V>-lQ 0>-10 v ~o 5Vl O ><~o Co ~ Vl I '-'0 U)Vl OC0 f-i ..... ..s:: ..... or--... f-i ~ 
Bushels of Gram __ 1 47.51 91.42 I 130.59 I 166.16 I 226.86 
~----~~----~~----~------~-----
Pounds of Straw __ I 4533 7908 / 10356 / 13204 / 17916 
to cover one acre 47.51 bushels of wheat were obtained ; when 
spread over 6 acres, nearly 227 bushels were obtained. That 
is, the actual yield of wheat (grain) can be increased more 
than five-fold by covering seven times the land with this 
amount of water. The same variation occurred with stra".." 
though the rate of increase was somew hat smaller. Ulti-
mately, as our population increases, and as the demand for 
food increases, the m~tter of producing the largest weight 
of crops with a given quantity of water, will receive serious 
consideration. Even now the farmers must give heed to these 
facts so that larger total profits may be obtained from their 
investment and their efforts. 
IV. OAT S. 
Oats, another of the staple crops of the irrigated region, 
was studied during three years. ,Like the other small grains 
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it may be grown well without irrigation, providing proper cul-
tural methods are employed. In Table No.5, the crop pro-
ducing power of the natural precipitation is given. Of the 
total grain yielded with 5 inches of irrigation, 85.67 per cent 
was due to the natural precipitation. This conforms very 
TABLE NO.5. 
THE CROP PRODUCING POWER OF THE NATURAL 
PRECIPITATION (OATS). 
Inches of Irrigation Water Used_I 
Yield of Grain (bushels per acre)_1 
Yield of Straw (pounds per acre)_1 
Per Cent of Grain due to Natnrall 
Precipitation _ -------------1 
Per Cent of Straw due to Naturall 
Precipitation ______________ 1 
None 
55.14 
2233 
5.0 
64.36 
2274 
85.67 
98.19 
closely to the corresponding percentages in wheat. In the 
yield with 5 inches of water, the per cent · of straw due to the 
rainfall was over 98 per cent. Evidently, first class yields of 
oats may be obtained without irirgation, and the natural pre-
cipitation plays a large part in producing- the crop under 
irrigation. 
In Table No.6 is shown the yield in bushels of oats per 
acre with different quantities of irrigation water. Curiously 
enough, 10 inches of water appear to produce less than eith~r 
5 or 15 inches. A similar · falling off i.n crop yield at some 
point appears in many of the crops studied. An attempt has 
been made in Bulletin No. 116 to explain this by assuming that, 
under certain methods of irrigation, the proportion oT" dry 
matter drawn into the roots is larger than usual, and thereby 
lost to the farmer who harvests only the parts above ground. 
When water is applied above this critical point, the natural 
increase in yield begins again. After 20 inches had been ap-
plied, there was no further increase in the grain of oats, 
though the straw continued to increase even with the greatest 
application of water. This is in harmony with the results 
obtained from most of -the crops, though with wheat, there 
was a steady, yet slight, increase in grain up to the maximum 
TABLE NO.6. 00 N 
THE YIELDS OF OATS, AS HARVESTED, WITH DIFFERENT QUANTITIES OF IRRIGA-
ATION WATER. 
(Yields of oats are expressed in bushels per acre.) 
(Quantities of water ·used are expressed in acre-inches.) 
1. Irrigation water applied _____ ~ _______ ------- __ ~ ___ I 5.00 10.00 15.00 20.00 45.00 
2. Rainfall and soil water ______________ --____________ 1 9.66 9.66 9.66 9.66 9.66 
3. Total water for use of crop.:. ________ _ -----___ :- _____ I 14.66 19.66 24.66 29.66 54.66 
t:d 
c 
KERNELS. t-< t-< 
trJ 
4. Total yield of oats (bu. per acre) ______________ _ ~---1 62.28 54.76 71.54 80.70 79.06 ~ ,..; 
S. Y' ld . h f" . 1 12.46 5.48 4.77 4.04 1.76 z Ie per mc 0 IrngatIOn water _______________ ---
-6. Yield per inch of total water ____ :.... ___ ~ _________ . ____ I 4.25 2.79 2.90 2.72 1.45 -:'l 
STRAW. 
4. Total yield of straw (lbs. per acre) ___ ---------____ 1 2092 2269 2617 3031 3611 
S. Yield per inch of irrigation water __________________ 1 418 227 175 152 80 
6. Yield per inch of total water _________ --------------1 143 115 106 102 66 
.POUNDS OF STRAW FOR ONE BUSHEL OF OATS. 
Pounds of straw to one bushel of oats _________________ 1 34 I 41 1 37 38 1 46. 
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irrigation of 50 inches. Oats may be more susceptible to the in-
fluence of water than is wheat. As will be shown in the next 
section, the limit of water tolerance of barley is even lowt!r 
than that of oats. The acre yield of oats per acre-inch of water 
. decreased rapidly and steadily as the quantity of water was 
increased. In this respect oats does not differ materially 
from wheat. The more water that is applied the less is tht! 
proportionate yield obtained. 
The total straw in the oat ·crop increased steadily and 
without any irregularities to the full amount of water applied, 
45 inches, but between 5 and 10 inches the increase is very 
small, the major increase coming between 20 and 45 
inches. On the other hand as shown in line 5 of Section 2 
of Table No.6 the yield per acre-inch ?f oat straw diminished 
steadily and emphatically from the smallest irrigation up to 
the largest. In fact, with 5 inches of irrigation water more 
than fiv~ times as much straw was produced per acre-inch 
of water as with 45 inches. 
The third section of Table No. 6 shows finally that as 
irrigation water increases, the number of pounds of straw for 
ea·ch pound of grain also increases. For example, with 5 
inches of water, 34 pounds of straw were grown with each 
bushel of oats; with 45 inches of water, there were 46 pounds 
of straw to each bushel of grain. 
v. BARLEY. 
Barley was grown in the irrigation experiments during 
three years. Table No. 7 represents the results obtained 
from ten individual trials. These results conform in almost 
every particular to those obtained with oats and ~heat, ex-
cept that as the quantity of irrigation water increased, the total 
yield of barley grain decreased. It may be inferred from this 
that barley is somewhat more susceptible to water influence 
than either wheat or oats. With barley, 7.5 inches seemed 
to give, under the experimental conditions that prevailed; the 
maximum production of grain. The yield of grain, per inch 
of irrigation water, decreased much more rapidly than either 
wheat or oats. 
TABLE NO.7. 
THE YIELDS OF BARLEY, AS HARVESTED, WITH DIFFERENT QUANTITIES OF IRRI-
GATION WATER. 
(Yields of barley are expressed in bushels per acre.) 
(Quantities of water used are expressed in acre-inches.) 
1. Irrigation water applied ________ ____ __________ -----___ _____ _ I 
2. Rainfall and soil water - ---------- ------- - -- - - ----- -- -- -, ____ I 
3. Total water for use of crop __________ __ _______ - - - - - -- - __ __ _ _ 
KERNELS. 
7.50 
9.66 
17.16 
4. Total yield of barley (in bu. per acre) ___ _______ ------------ __ 1 68.76 
5. Yield per inch of irrigation water ______ __ ______ -- - -------____ 1 9.17 
6. Yield per inch of total water __ ____ ___ ___ ______ --------------1 4.01 
STRAW. 
4. Total yield of barley straw (lbs. per acre) ______ . _____ ___ __ ____ 1 
5. Yield per inch of irrigation wateL ________ ___ _ ,_________ ___ __ 1 
6. Yield per inch of total wateL __ ____________ ___ --------------1 
3946 
526 
230 
15.00 
9.66 
24.66 
67.66 
4.51 
2.77 
4437 
296 
181 
. POUNDS OF STRAW FOR ONE BUSHEL OF BARLEY. 
25.00 
9.66 
34.66 
66. 15 
2.65 
1.91 
4477 
179 
129 
39.50 
9.66 
49.16 
62.59 
1.58 
1.27 
5929 
150 
121 
Pounds of straw to one bushel of barley ________ __ . ____ __ ______ __ 1 57 1 66 I 68 I 95 
~ 
to 
c 
~ 
~ 
trj 
t-J 
H 
z 
...... 
...... 
:'J 
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While, however, the barley grain diminished as the irri-
gation water was increased above 7.5 inches, the ' reverse 
was true of the straw. The total yield of the latter per acre 
increased steadily up to the maximum irrigation of 39.S 
inches. However, from 7.5 to 25 inches, the inc'rease was 
very small. 
The results, both for the grain and the straw of barley, 
indicate that this plant is very sensitive to water, and that the 
best results will be obtained with moderate applications. 
Barley, like wheat and oats, increases more rapidly in 
straw than in grain as the greater amounts of total water 
are used. With 7.5 inches of water there were 57 pounds 
of straw ·for each bushel of barley. This increased "Until with 
39.5 inches of water, nearly 95 pounds of straw were threshed . 
for each bushel of grain. 
In general, wheat, oats and barley behave very much 
the same for varying conditions. of irrigations. The chief 
difference, so far as can be observed from these experiments, 
is in the sensitiveness to water: Wheat will endure more than 
oats, and oats more than barley, but within the limits of en-
durance the effect of water upon these three crops is prac-
tically the same. 
VI. CORN. 
Corn, .the king 'of American crops, thrives under irriga-
tion, and pro~ises to become one of the most important 
crops under this system of agriculture. I t also does well 
urtder dry-farming conditions. An absolute corn failure is 
unusual on the dry-farm. 
TABLE NO.8. 
THE CROP PRODUCING POWER OF THE NATURAL 
PRECIPITATION (CORN). 
Inches of Irrigation Water Used-I 
Yield of Grain (bushels per acre)_1 
Yield of Stover (pounds per acre) 1 
f Per Cent of Grain due to Naturall 
Precipitation _ -------------1 
Per Cent of Stover due to N aturall 
Precipitation ______________ 1 
None 
43.76 
3228 
.1 
I 
1 
J 
I 
1 
5.0 
53.93 
3888 
81.14 
83.03 
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The producing power of the natural precipitation was sub-
jected to careful te'st during a period of four years, the av-
erage results being shown in Table No, 8. U nder the con-
ditions existing in the experiment, the average y ield of grain 
without irrigation was nearly 44 bushels, far above the average 
y ield of the l!nited States. When 5 inches of irrigatiC?n 
l~nr-----------------------------------------------' 
~ Corn 
~ 'TfKJt--------
'l4 
.~ 
~~O 
~ 
.~ ~ 
~ ~ ~ ~20~--------------~ ~ ~ ~ 
~ ~ ~ ~ 60L--_________ _ 
Figure 3. (See Table No.9,) - ---'--- ----
water was added, the bushels of grain rose to nearly 54. That 
is, 8t14 per cent of the grain y ield w ith 5 inches of irrigation, 
was due to the natural precipitation. This is practically the 
same as the corresponding percentages for wheat and for oats. 
Although much stover was likew i e obtained w ithout irriga-' 
tion, the' amount increased J1?aterially as water was added. 
Of the total stover produced with 5 inches of irrigation, 83.03 
per cent was due to the natural precipitation. 
TABLE NO. 9. 
THE YIELD OF CORN, AS HARVESTED, WITH DIFFERENT QUANTITIES OF IRRIGA-
::So 
TION WATER. ~ 
t""4 
(Y ields of corn are expressed in bushels per acre.) tj Ul (Quantities of water used are expressed in acre-inches.) ~ 
1. I rrigation water applied--____ __ 1 7.50 10.00 15.00 20.00 25.00 30.00 55.00 ~ 
....:J 
2. Rainf.all and soil water __ __ ____ 1 5.54 5.54 5.54 5.54 I 5.54 I 5.54 5.54 ::r: 
3. T6tal water for use of crop __ 1 13.04 15.54 20.54 25.54 I 30.54 I . 35.54 60.54 tj ~ 
~ 
K ERNELS. ~ tr1 
" ~ 
4. Total yield of corn I 
I " 93.93 
tr1 
z (bu. per acre) ___ __ ________ 1 79.14 89.52 9.1.58 99.16 97.12 96.78 ~ 
5. Yield per inch of irrigation waterl 10.55 8.95 1 6.26 4.58 3.97 3.24 1.76 lO 
6. Yield per inch of total water ____ I 6.07 5.80 " 4.57 3.59 3.25 2.73 1.43 c: > z 
STOVER. ~ ~ 
~ 
4. Total y ield of stover I 
"I 1 
~ 
tr1 
(pounds per acre) _____ _____ 1 71 89 6007 8279 8692 9492 1 10390 I 10258" Ul 0 5. Yield per inch of irrigation wate'rl 559 601 552 435 380 1 346 I 186 ~ 
6. Yield per inch of total water ----I- 551 389 403 340 311 I 292 
"' 
169 ~ 
> 
POUNDS OF STOVER TO ONE BUSHEL OF CORN. ~ tr1 
~ 
Pounds of stover to one bushel ofl 
" 
I , . corn _______________ _________ 1 91 67 88 95 , 96 107 106 00 
'1 
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The irrigation trials with corn ,covered eight years. The 
average results, based upon 81 trials, are found in Table No.9. 
As with wheat, oats and barley, corn also increased steadily 
with the increa'se in the irrigation water until 25 inches had 
been reached, when it began to decrease. The increase be-
tween 10 and 20 inches was remarkably small, and in reality 
Corn 
~ ~400r-~-------------------------------+~~--~~4 
~ 
~ 
" ~no~--------------------~-­
.... 
. ~ 
~ 
....... 
~£oo~----------------~~~--------~. \~ 
~ 
~fOO~-===~~--~ 
""-..l 
\l 
.~ 
~ 
_Crain 1~~~~f1.5tove.r. 
Figure 4. 
indicated little if any gr?wth. Judging these four grain crops 
by their total yields under varying irrigations, it may be said 
that barley has the least tolerance for w ater, followed in order 
of increasing tolerance by corn, oats and wheat. 
The acre yield of corn kernels per inch of irrigation water 
showed a similar decrease. With the smallest amount of 
water applied, 7.5 inches, there were for each inch 10.6 bushels 
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of corn; with 53 inches, only 1.08 bushels. There was no de-
viation from the law that the yield per unit of water de-
creases as the amount of water increases. 
The total yield of stover with one exceptlon increased 
steadily as the amount of water was increased until 55 inches 
had been applied, when there was a diminution. With 7.5 
inches more corn stover was produced than with 10 inches 
though from the latter point, the . production increased steadily 
with increasing water. The acre yield of stover per inch uf 
irrigation water decreased without exception as the total 
quantity of irrigation water was augmented. With the 
smallest a'mount of water the yield per aC're-i~.ch was five· 
times as g reat as that w ith 55 inches, the maximum amount 
of water. 
The proportion of stover to grain increased as the amount 
of water increased, except in the case of the smallest irriga-
tion. With 10 inches of w ater 67 pounds of stover accompa-
nied eac'h bushel of grain. This. ratio grew larger with increas-
ing applications of water, until, with 55 inches, 106 pounds of 
stover were produced ~or each bushel. 
In view of the decreasing crop producing- power of water 
per acre-inch as the quantity is increased, the question again 
arises, whet~1er the farmer is justified in producing, by the use 
of large quantiti es of water, the larg est yield of corn per acre. 
In Table No. 10 the possibilities of 30 acre-inches of water are 
shown when made to cover, one, two, three or four acres 
TABLE N O. 10. 
THE CROP PRODUCING P OWER OF 30 ACRE-INCHES 
OF WATER WHEN APPLIED TO DIFFERENT 
AREAS OF LAND (CORN). 
30 Acre-Inches Spread Over. 
Vl 
Vl 
Vl Q) Vl Q) Vl Q) Vl Q) Vl I-< Q) ~ Q) I-< Q) ~ Q) u.,t:: . u.,t:: . ~ -5 ci. u.,t:: . ..:x::uo.. 
..:x::uo.. ..:x::uo.. 
t:: ~ .... Q) .... Q) t:: Q) 
- Q) Q) H Q) I-<H Q ~:;:Q OH Q ::!oQ ~tr) ::ltr) o~ f-i ...... ..c; ...... o . 
E:-< ~ r-.. 
Bushels of Graln __ 1 97.12 187.86 268.56 316.56 
Pounds of Stover-I 10390 16558 18021 28756 
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respectively. When spread over one acre, 97 bushels of corn 
, were obtained. When distributed over four acres, more than 
three times as much corn was harvested. The stover varies 
in the same way. 30 acre-inches spread over one acre pro-
duced over 10,000 pounds of stover, but when spread over 
four acres more than 28,000 pounds were produced. These 
differences are so great that they. merit the most serious 
attention of the farmer. Would not the increased yields com-
pensate the farmer for the extra labor and investment re-
quired for the larger area? Every community should arrive 
at a unity of understanding as to the methods whereby the 
amount of ir~igation water at its disposal can be used to pro-
duce the largest profitable return, bearing in mind the fact 
that land is plentiful and water scarce. 
VII. TIMOTHY AND OTHER HAY-MAKING CROPS. 
Alfalfa is the most important hay crop in the irrigated 
region, but with the development of irrigation agriculture a 
greater variety of hay-m~king plants w~l1 be demanded. Many 
of the standard crops of the world have been tried out on 
irrigated lands. Usually, they have proved satisfactory, 
though it needs be said that some years of adaptation to the 
special ,condition of arid districts have been required to obtain 
the best results. 
In Table No. 11 are given the yields of four typical hay-
making crops' timothy, orchard grass, brome grass and Ital-
ian rye ' grass. The first has been for many years a well es-
tabli~hed hay crop of the West; orchard grass and Italian 
rye grass have been used in smaller quantities ; brome grass 
was widely discussed a few years ago as a crop of great 
possibilities for the irrigated section. 
The amounts of water used annually by these four crops 
varied from 5 to 100 inc·hes. In every case, the yield from 
·100 inches of irrigation water was smaller than it was when 
the smallest quantity of water was applied . . Moreover, the 
four crops agreed in showing. a temporary decrease in the total 
yield per acre after 10 to 15 inches of water had been used. 
That is, these hay-making grasses tol~rate only small. quanti-
~~ 
TABLE NO. 1I. 
THE YIELD OF HAY CROPS, AS HARVESTED, WITH DIFFERENT QUANTITIES OF IR-
RIGATION WATER. 
(Yields of hay a,re expressed in pounds per acre.) 
(Quantities of water used are expressed in acre-inches.) 
TIMOTHY· 
1. I rrigation water applied __ ___ ___ ___ ______ _ 
4. T otal yi eld of timothy (lbs . per acre) __ __ _ _ 
5. Yield_per inch of irrigation wateL ______ _ _ 
7.50 
3982 
531 
ORCHARD GRASS. 
15.00 
3844 
256 
30.00 
6054 
202 
60.00' 
8406 
140 
1. Irrigation water applied_______________ __ 5.00 10.00 15.00 40.00 I 160.00 
4.. Total yield of orchard grass______________ 2526 2829 2685 4042 1 5270 
5. Yield per inch of irrigation water _________ 505 283 179 102 I 878 
BROMU S INERMIS. 
1. Irrigation water applied_________________ 7.50 10.00 15.00 40.00 
4. Total yield of bromus inermis____________ 4480 4957 3821 4757 
496 255 119 
100.00 
2214 
22 
94.00 
1192 
13 
100.00 
3068 
31 5. Yield per inch of irrigation water _________ 597 
--------~------~----~------~------~------~-----
ITALIAN RYE GRASS. 
1. Irrigation water applied_ ...: _______________ 7.50 15.00 
4. Total y ield of Italian rye grass ___________ 2357 2218 
5'. Yield per ·inch of irrigation water _________ 314 148 
45.00 
3201 
71 
1 102. 
1 23 
'1 
00 
7 
~ 
~ 
~ 
t:j 
Ul 
~ 
H 
t-J 
~ 
t:j 
H 
~ 
~ 
tTl · 
:::0 
tTl 
Z 
t-J 
10 
c: 
>-Z 
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H 
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ties of water, the first maximum being somewhere between 
10 and 15 inches and the second between 40 and 50 inches. 
These grasses are often grown on the large ranches of the 
West where but one crop is ordinarily harvested, and the 
aftermath used for pasture. As early as possible in the spring 
these fields are covered with immense quantities of water, 
which often stands for days, one or two feet deep over the 
fields. The assumption is, that under such conditions a large 
quantity of hay is obtained. The experiments herein recorded 
indicate very strongly that all these hay-making grasse~ are 
easily injured by an excess of water, and that the best yields 
can be obtained only with very moderate irrigations. 
The great variety of native grasses which cover many of 
the western ranches are very similar in their nature to the 
foul' crops herein considered. Whatever is true of timothy, 
orchard grass, brome grass or Italian rye grass, probably holds 
g"ood for the great majority of wild g rasses from which hay 
is made in the West. They should not be "given too much 
water, if the largest yields are desired. 
The losses that may be sustained by using 30 acre-inches 
of water in various ways with these hay-making crops -:'s 
~hown in Table No. 12, in which timothy, which endures 
TABLE No. 12. 
THE CROP PRODUCING POWER OF 30 ACRE~INCH"ES 
OF WATER WHEN APPLIED TO DIFFERENT 
AREAS (TIMOTHY). 
30-Acre Inches Spread Over. 
Pounds of Hay ___ I 6054 7688 11739 11928 
mnst water, is taken as an example. The total yield of hay 
was increased considerably when the 30 acre-inches were 
made. to cover several instead of one acre. If Line 5 is ex-
\ 
\ 
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amined in Table No. 11, this statement w ill be confirmed, 
for there it i shown that the yield of hay per inch of irri-
gatio~ water, diminishes very steadily as the quantity of water 
increased. In fact the decrease is so great as to make it 
questionable whether these crops should ever be grown with 
more than the minimum amount of \\ ater used in these ex-
periments. 
In the case of Italian rye grass, two crops were obtained. 
The yields of each under varying quantities of irrigation 
water are shown in Table No. 13. \ N"ith the first three varia-
tions in the irrigation water applied, the second crop is smal-
ler than the first. However, as the amount of water in-
TABLE NO. 13. 
YIELDS OF SEPARATE CROPS OF ITALIAN RYE 
GRASS WITH DIFFERENT AMOUNTS OF 
IRRIGATION WATER. 
(Yields of hay are expressed in pounds per acre.) 
(Quantities of water are expressed in acre-inches.) 
Inches applied -------1 7.5 15.0 45.0 102.0 
First crop ____________ 1 1976 1557 1856 750 
Second crop _________ 1 381 661 1345 1607 
TotaL ___________ ~1 2357 2218 3201 2357 
creases, the yield of the second crop approaches more nearly 
that of the first. With 102 inches. of irrigation water through-
out the season the second crop is mOFe than twice as large 
as the first crop. The reason for these facts is clear when 
it is remembered that when a small amount of water is ap-
plied throughout the season, most of it is applied during the 
growth of the first crop, leaving the second crop with very 
little water, indeed, at its disposal. As more water is ap-
plieo ihroughout the season, a larger proportion of the irriga-
tion water reaches the second -crop, and in the caSe of the max-
Imum amount of water applied, by far the largest amount 
A LATERAL FLUME, SHuWiNG ITS RELATION TO THE PLATS. NOTE THE MAIN FLUME IN THE DISTANCE. .~ 
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was of necessity added to the second crop. It is interesting 
to observe in this cunnection, how, with the maximum amoU11t 
of water, when .a very large proportion naturally was applied 
to the first crop, the excessive quantity resulted in a material 
decrease in that crop. Most of the grasses which ordi-
narily produce but one crop of hay may be· made to yield, 
by proper irrigation, good growths of aftermath to be cut 
for hay or used for pasturage. It is possible in this way to 
maintain pastures green until the coming of the winter. 
The hay-making grasses are among the -crops that un...: 
doubtedly will be established permanently on the irrigated 
farms of the future. The extensive crops, such as the grains 
already considered, will gradually be moved to the non-irri-
gated lands; and upon the irrigated land, the intensive crops, 
including live stock will be perpetuated. Dairying, as one I)f 
the ·most profitable forms of live stock husbandry, will de-
velop upon the fertile, irrigated fields·. Hay must then be pro-
duced and meadows maintained. 
The ~ata herein given indicate, however, that the hay-
making crops do not require great quantities of water' and 
should yield well at a very lo:w water cost. 1\1oreover, these data 
also indicate, especially in Table J o. 13 dealing with Ital-
ian rye grass, that, by the proper use of water, after the 
hay is harvested a good aftermath may be grown and that mea-
dows may well be mainta!ned in full luxuriousness to the 
end of the 'season by the moderate use of irrigation water 
throughout the whole growing season. 
VIII. ALFALFA. 
Alfalfa is the king of forage crops in America. The 
prosperity of ~he West is due as much to the existence of this 
plant as to any other cause. It is the basis of all cattle 
feeding in the western region. It may be grown without 
lrngation. For two or three years it yields fairly well,· but 
thereafter tends to decrease. This is due to its habit :)f 
growth. With age each plant spreads and becomes larger. 
The increased stalks and . leaves draw greater quantities of 
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moisture from the soil. Finally under dry-farming conditions 
the plant becomes so large that the soil moisture is exhausted 
long before the season of most active growth has passed. 
In these experiments the alfalfa producing power of the 
natural precipitation was determined. The results are found ~ n 
Table No. 14. With 5 inches of irrigation water, 7,178 pounds of 
hay were produced per acre, and without irrigation, about 5,540 
pounds, that is, of the total yield under irrigation , practically 
77 per cent was due to the natural precipi~ation. This is 
TABLE NO. 14. 
THE CROP PRODUCING POWER OF THE NATURAL 
PRECIPITATION (LUCERN) . 
. Inches of Irrigation Water Used __ 1 
Pounds per Acre, First Crop-----1 
Pounds per Acre, Second Crop ___ 1 
Pounds per acre, Third Crop _____ 1 
Pounds per acre·, Total Crops ____ I 
Yield due to atural Precipitation 1 
(per cent) first ·crop ________ 1 
Yield due to Natural Precipitation 1 
(per cent) second crop ______ 1 
Yield due to Natural Precipitationr 
(per cent) third crop ________ 1 
Yield due to Iatural Precipitation 1 
(per cent) total crops ____ ___ ·1 
None 
2928 
1505 
1107 
5540 
5.0 
3259 
2197 
1722 
7178 
89.84 
68.50 
64.28 . 
77.18 
almost as high as it is with the grains. The producing power 
of the rainfall was greatest with the first crop . and dimin-
ished with the succeeding crops. The proportion of the yield 
due · to the natural pr:ecipitation was for the first crop, 89.84 
per cent; for the second 68.50 per cent, and for the third 
64.28 per cent. The first crop naturally gets the chief advan-
tage of the water stored in the soi l ; the second and third 
crops must draw their supply of water, in the absence of fU1~­
ther irrigation, from greater soil depths, depending in a large 
measure, upon the scant rainfall -of the summer. The con-
clusion can be accepted that alfalfa may be grown with-
out irrigation, and that, even with applied water, a relatively 
/ 
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large proportion of the yield may be attributed to the moist-
ure found in the soil in the spring and that which falls as rain 
during the grow ing season. Meanwhile, alfalfa must be rated 
primarily as an irrigated crop. 
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Figure S. (See T able No. IS.) 
The yields of alfalfa with different quantities of water 
are shown in Table No. 13. The results there given are based 
upon forty-nine single trials, covering seven years. The 
,TABLE NO. 15. 
THE YIELDS OF ALFALFA, AS HARVESTED, WITH DIFFERENT QUANTITIES OF ,IRRI-
' GATION WATER. 
1. 
2. 
-3. 
4. 
5. 
6. 
(Yields of alfalfa are expressed in pounds per acre.) 
(Quantities of water used are expressed , in acre-inches.) 
Irrigation water applied __ ·_= ____________ 10.00 15.00 20.00 1 25.00 Rainfall and soil water __________________ 14.91 14.91 14.91 1 14.91 Total water for uSe of crop _______________ 24.91 29.91 34.91 1 39.91 
Total yield alfalfa (lbs. per A.) (3 crops)_. __ 1 9884 7546 9097 I . 9354 
Yield per inch of irrigation water _________ \ 988 503 455 I 374 
Yield per inch of total water _____________ 397 252 261 I 234 
TABLE 'NO. 16. 
30.00 , 1 50.00 
14.91 I 14.91 
44.91 I 64.91 
8840 I 10813 
295 ~ 216 197 167 
YIELDS OF SEPARATE CROPS OF ALFALFA WITH DIFFERENT QUANTITIES OF IRRI-
GATION WATER. 
(Quantities of water used are , expressed in acre-inches.) 
(Yields of alfalfa are elXpressed in pounds per acre.) 
Inches of water applied ___ ____ ______ ~ ____ ____ 1 10.0 I 15.0 I 20.0 I 25.0 I 30.0 I 50.0 
First crop _________________________________ 3567 3194 3759 3790 3326 3795 
Second crop _______________ -: ___________ -____ 4077 2775 3193 3245 3338, 4016 
Third crop _________________ .:.______ ______ ___ ~240 1577 ' 2145 2319 2176 3002 
Total yield _____________________________ 1 9884 7546 9097 9354 8840 10813 
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smallest annual irrigation was 10 inches, the largest 50. The 
greatest yield of dry matter was obtained with the largest 
irrigation, the next largest with the smallest irrigation. With 
15 inches and also with 30 inches there were temporary de-
creases. The yield under 50 inches was only slightly larger 
than with 10 ' inches. Evidently then, there is a waste of 
water when more than 10 inches are applied to alfalfa through-
out the season. 
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Figure 6. 
Under the conditions prevailing near Logan, alfalfa is 
. harvested three times in a sea on . Wherever the grow-
ing season is longer four, five and even more cuttings 
are harvested. Where the growing eason is shorter, only 
two cuttings may be made. In Table N o. 16 the yields of 
the three .crops or cuttings with different amounts of water 
are shown. While it is not easy to interpret these results 
.and to make them confor~ to any definite law, it seems to be 
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fairly certain that the quantity of water actually received by 
the soil during the time of producing each crop dete~mines 
largely, the yield of that particular crop. Unfortunately, in 
these average results, we have no certain means of determin-
ing how much water was applied by irrigation to each of the 
crops. In Bulletin No. 118 a special study will be made of 
this subject. For the purpose of this discussion, it will suf-
fice to state that a comparatively small quantity, that is, 
between 10 and 15 inches of water, is sufficient for a good 
yield of alfalfa. This is contrary to .the common notion that 
the lucern crop should be irrigated heavily. It may be ob-
served that the plants which produced the largest crops per 
acre, corn, alfalfa and sugar beets, are not the ones that re-
quire the largest quantities of water thFoughout the season. 
Rather, these crops possess the power of utilizing water to the 
best advantage. Alfalfa, properly SOwn and cared for, shades 
the ground very effectively, thus reducing the loss of water by 
evaporation to a minimum. Nearly all of the water may then 
be taken from the soil .by transpiration. 
TABLE NO. 17. 
THE CROP PRODUCING POWER 'OF 30 ACRE-INCHES 
OF WATER WHEN APPLIED TO DIFFERENT 
AREAS (LUCERN). 
30 Acre-Inches Spread Over. 
til 
til CI.) en CI.) til CI.) til 
~ CI.) ~ CI.) ~ CI.) u,.r:: • u,.r:: . 
.< -5 0. 
-<uo. -< u o. I=: CI.) I=: ~ I=: CI.) CI.) t-I CI.) o t-I ~ CI.) t-I CI.) I=:o~ CI.) ~ ~t.n 1-00 0(") ~ ...... ,.r:: ...... 
t--' 
Pounds of HaY_I 8,840 15,093 29,653 
In Table No. 17 is shown the crop producing power vf 
30 acre-inch'es of water when applied to different areas of 
alfalfa. When this amount was spread over three acres, 
the yield of hay was increased more than three times above 
that obtained when the same amount was applied to one 'acre. 
This crop like all others should be irrigated with the view 
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of high production per acre unit of water as well as with 
reference to the yield per unit of surface. 
IX. SUGAR BEETS. 
Sugar peets are typical of the intensive crops that must 
in the future occupy more completely the irrigated lands. 
This crop requires very careful tillage of a nature to con-
serve soil water and fertility; it has a long growing season, 
and when harvested is converted into manufactured pro-
ducts. Crops that will keep factories moving must charac-
terize the irrigated areas of the world.. Wherever the ugar 
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TABLE NO. 18. 
THE YIELDS OF SUGAR BEETS, AS-HARVESTED, WITH DIFFERENT QUANTITIES OF 
IRRIGATION WATER. 
l. 
2. 
3. 
4. 
5. 
6. 
(Yields of beets are expressed in tons per acre.) 
(Quantities of water used are expressed in acre-inches.) 
Irrigation water applied _________________ 5.00 10.00 15.00 20.00 
Rainfall and soil water __________________ 10.25 10.25 10.25 10.25 
Total water for use of crop ______ __ _______ 15.25 20.25 25.25 30.25 
Total yield of sugar beets (tons per acre) 13.78 18.63 19.45 21.28 
Yield per inch of irrigation water _________ 2.76 1.86 1.30 1.06 
Yield per inch of total wateL ____________ 0.90 0.92 
_L_ 0.77 0.70 
TABLE NO. 19. 
30.00 50.00 
10.25 10.25 
40.25 60.25 
20.82 24.54 
0.69 0.49 
0.52 0.41 
THE CROP PRODUCING POWER OF 30 ACRE-INCHES WHEN APPLIED TO DIFFERENT 
AREAS. 
(SUGAR BEETS). 
30 Acre-Inches Spread Over. 
I 
(j) (j) (j) Cl) rn ~ ~ . Cl) rn Cl) rn Cl) rn ~ Cl) ~ Cl) ~ Cl) ~ Cl) u.s:::: . u.s:::: 0- U.s:::: . u.s:::: . u.s:::: ci. <::uo- <::ufr <::uo-<::g~ l=: Cl) <::U Cl) 
I 
l=: ~ Cl) c Cl) ~HQ c Cl) ~:;~ OH~ Cl)H~ ~H~ ~If) ~o ::J1f) o . iJ)1f) 0("'") f-oI ...... ..c; ...... ~~ ~ 
Tons of Beets _____________________________ ________ __ 1 20.82 I 38.90 I 55.89 I 64.84 I 82.68 
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factory has been established, agricultural prosperity has fol-
lowed. 
Comparatively little knowledge exists concerning the in-
fluence of different quantities of water upon the yield of 
the sugar beet.* Table No. 18 shows the yields, in tons 
per acre, of sugar beets o~tained with different quantities of 
water. The amount of water applied varied from 5 to SO 
inches. As the irrigation water increased, there was a steady 
incre;:tse in ' the ' yield until 30 i'nches were , reached, when a 
slight falling off became evident. When 50 inches were ap-
plied there was again an increase. While there was a gain, 
of nearly 5 tons, by raising the am<?unt of water from 5 to 
10 inches, there was little increase in tonnage when more 
than 10 inches were applied. From the fact that 5 inches 
of water yielded ·13.78 tons of sugar beets, it is dear that the 
natural p~ecipitation aids considerably in producing this 
crop, though not .perhaps to the same extent as it does with 
the grains or with potatoes. It is ·also clear that the appli:" 
cation of the smallest amount of water, 5 .inches, it not suffi- . 
• cient for the most profitable prod'uctlon of sugar beets. On 
the other hand it is apparent that sugar beets do not res-
pond markedly after 10 or 15 inches of water have been 
used. Ordinarily where ' sugar beets are produced, agricul-
ture is well developed, and water is comparatively scarce. 
, In such districts it would undoubtedly be profitable for the 
farmers to consider seriously, under their conditions, the best 
amount of water required to serve best the whole community, 
and thereby the interests of each individual. Under the con-
ditions of these experiments, it is very doubtful, indeed, if 
the use of more than 15 inches of water to beets is advis-
able; and more probably 10 inches, or a little more, should 
mark the limit. This is very much less than is ordinarily 
applied by the irrigation farmer. 
In Table No. 19 is shown the possible production of 
sugar beets when 30 acre -inches are spread over different 
areas of land. When this amount · was applied to one 
acre, about 21 tons of sugar beets was the result; when 
--*The effect of water on the compositiot:J, of sugar beets will be studied 
in Bulletin No. 120. 
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spread over six acres the s?-me quantity of water produceCl 
nearly 83 tons, or approximately four times as much. Con-
sidering the high money value of the sugar beet crop, it ;s 
really an open que tion whether it would pay the farmer 
to grow larger yields per acre or to produce a greater tonnage 
for each unit of water. 
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X. CARROTS. 
Carrots form an important garden crop of the West and 
are important as a field crop in cattle and horse feeding. No 
doubt the importance of carrots as a field crop will rapidly 
increase. The experimental data obtained with this crop are 
found in Table J o. 20. Carrots and sugar beets, both root 
crops, show similarities in their relation to irrigation. The 
total yield of the former in pounds per acre increased, though 
somewhat irregularly, as the irrigation water increased from 
TABLE NO. 20. 
THE YIELDS OF CARROTS, AS HARVESTED, WITH DIFFERENT QUANTITIES OF IRRI-
GATION WATER. 
(Yield of carrots are expressed in pounds per acre.) 
(Quantities of water used are expressed in acre-inches.) 
1. Irrigation water applied __________________ ! 
2. Rainfall and soil water ________ _________ _ 
3. Total water for use of crop _______________ ! 
4. Total yield of carrots ___________________ _ 
5. Yield per inch of irrigation water _________ 1 
6. Yield per inch of total water _____ :- _______ 1 
3.75 
10.25 
14.00 
34577 
9221 
2469 
7.50 
10.25 
17.75 
33223 
4430 
1872 
15.00 
10.25 
25.25 
49507 
3306 
1963 
25.00 
10.25 
35.25 
46755 
1871 
1326 
35.00 
10.25 
45.25 
56930 
1627 
1258 
60.00 
10.25 
70.25 
68420 
1129 
974 
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TABLE NO. 21. 
THE YIELDS OF POTATOES, AS HARVESTED, WITH DIFFERENT QUANTITIES OF 
WATER. 
(Yield of potatoes are expressed in bushels per acre.) 
(Quantities of water used are expressed in acre-inches.) 
1. Irrigation water applied---------- __ -I 5.00 1 7.50 1 10:00 1 15.00 1 20.00 1 30.00 1 45.00 1 
2. Rainfall and soil wateL _____________ 1 6.17 1 6.17 1 6.17 1 6.17 1 6.17 1 6.17 1 6.17 1 
3. Total water for use of crop _________ -ll1.17 1 13.67 1 16.17 1 21.17 1 26.17 1 36.17 1 51.17 1 
4. Total yield of potatoes (bus. per acre)- 154.00 1182.00 1195.00 1227.00 1267.00 1244.00 1253.00 1 
5. Yield per inch of irrigation wateL ___ -! 30:80 1 24.27 1 19.50 1 15.13 I 13.35 1 8.13 I 5.62 1 
6. Yield per inch of total water ________ - 13.79 1 13.31 1 12.06 1 10.72 1 10.20 1 6.75 1 4.94 1 
YIELD OF MARKETABLE POTATOES. 
60.00 
6.17 
66.1 7 
304.00 
5.07 
4.59 
4. Total yield of marketable potatoes 1 I 1 0 I I I l o t 
(bus . per acre) __________________ -1115.19 11 35.95 151.98 186.41 1215.23 1194.73 1201.13 1 233.76 
5. Y~eld per i.nch of irrigation water ____ -1 23.04 1 18.1~ 115.20 1 12.43 1 10.76 1 6.49 1 4.47 1 3.90 
6. YIeld per 1l1ch of total water ________ _ 1 10.31 01 9.9.) 9.40 1 8.81 1 8.22 1 5.38 I 3.99 1 3.53 
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3.75 to 60 inches. This is very simi.1ar to the variation in 
the yield of sugar beets with different quantities 'of irrig-ation 
water, eX'cept t4at the point of decrease seems lower for car-
rots than for beets. Fifteen inches of water probably represents 
the largest quantity of water for the profitable production ·Jf 
sugar beets; a similar amount is perhaps very near that re-
quired by carrots. The yield of carrots per inch of irrigation 
water decreased as the water was increased; the rate of dimin-
.ution being very much the same as that of sugar beets. For the 
best results, the farmer hould use only moderate irrigations. 
XI. POTATOES. 
The potato is another crop of the type, which 'it is hoped 
will soon cove~ the irrigated area and displace the grain and 
similar crops that properly belong to dry-farming. This crop 
will increase in importance as time goes on. It has been 
found to respond to different applications of water. 
In Table No. 21, are given the yields of potatoes, in 
bushels per acre, as obtained with different quantitIes of irri-
gation water. The yield varied from 154 to 304 bushels per 
acre. These figures, it must be admitted, are low; consid-
erably below the average fo r the irrigated area. The effect 
of the different quantities of irrigation water on potatoes is 
well shown in Table No. 21. As the irrigation water in-
creased, the total yield of potatoes increased also, until 30 
inches were used, when there was a noticeable decrease. Above 
30 inches, again, there was a gradual increase, until the maxi-
mum was rached with 60 inches of water. Between 5 and 20 
inches the increase was steadiest. The yield per acre-inch 
did not appear to fall as rapidly as in the case of the other 
crops studied, the production of the crops being more nearly 
proportional to the quantity of water used. The explana-
tion of this behavior may lie in the bQtanical nature of the 
tubers. In practically all crops the stems increase more nearly 
in proportion to the water than do the other plant parts. 
Even with potatoes, however, a point was reached ~t 
which there was a decrease in the crop when more water was 
added. The real difference between potatoes and other crops 
appeared to be that this point is somewhat higher. 
THE MAIN FLUME, SHOWING DROP TO ALLOW FOR THE SLOPE OF THE L AND, AND ALSO THE CONNECTION WITH THE LATERAL 
FLUMES OF THE DISTRIBUTING SYSTEM . 
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With 5 inches of irrigation water, nearly 75 per cent :)f 
the potatoes were marketable; with 20 inches, over 82 per 
cent. The percentage then became smaller until with 60 
inches about 77 per cent of the potatoes were marketable. 
In general then, with a very low or a very high quantity of 
irrigation water the per cent of marketable potatoes is less 
than with a medium quantity. 
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Figure 9. 
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Although potatoes seem thus to be a water loving crop, 
they may be produced with comparatively small quantities of 
irrigation. In fact, potatoes are gradually becoming a rather im-
portant dry-far'm crop. To test this matter, they were 
grown for four years without irrigation on the Greenville 
Farm, giving results as shown in Table No. 22. Without 
. irrigation 97 bushels of potatoes were produced per acre; 
with 7.3 inches of irrigation water, 145 bushels was the yield. 
TABLE NO. 22. 
THE CROP PRODUCING POWER OF THE NATURAL 
PRECIPITATION (POTATOES). 
Inches of irrigation water used--...!------- 
Bushels potatoes per acre_~ _____________ 1 
Per cent marketable ____ ________________ 1 
Yield due to natural precipitation (0/0) ___ I 
None 
97 
68.89 
7.5 
145 
71.74 
66.89 
-------'------
That is, practically 67 per cent of the crop produced with a 
low irrigation, was due to the natural precipitation. The 
per cent of marketable potatoes was affected by the quantity 
of water used. When the potatoes were grown w ithout irriga-
tion, about 67 per cent were marketable. As water was 
added, as shown in Table I o. 23 the per cent of marketable 
potatoes increased up to a certain limit; then decreased again. 
That potatoes require considerable but not excessive amounts 
of water is clear from this data. 
In Table J o. 24 is set forth the crop producing abil-
ity of 30 acre inches when applied to different areas. As in 
the case of all other ·crops subjected to this test, much larger 
total yields are obtained when a given amount of water is 
used for several acres than when it is all applied to an acre. 
Spread over one acre, 30 acr.e-inches produced 195 bushels· 
spread over six acres,. 691 bushels were produced or three 
and one half times as much. It is a question again for the 
farmer to decide, under what conditions of irrigation he can 
. make the most money from his potato crop. It is not at all 
probable that the large amounts of water that we have been 
TABLE NO. 23. 
PER CENT OF MARKETABLE. POTATOES IN CROPS GROWN WITH DIFFERENT QUAN-
TITIES OF WATER. 
Water applied (inches) __ 1 
Per cent marketable ____ _ 1 
Per cent non-marketable_I 
5.0 I 7.5 
74.80 I 74.70 
25.20 I 25.30 
10.0 I 15.0 
77.94 I 82.12 
22.06 I 17.88 
TABLE NO. 24. 
20.0 I 25.0 I 30.0 I 45.0 I 
80.62 80.22 I 79.81 I 79.50 I 
19.38 I 19.78 I 20.19 I 20.5~ I 
60.0 
76.90 
23.10 
THE CEOP PRODUCING POWER OF 30 ACRE-INCHES WHEN APPLIED TO DIFFERENT 
AREAS (POTATOES). 
30 Acre-Inches Spread Over. 
One Acre Two Acres Three Acres Four Acres Six Acres 
30 Inches 15Il1ches 10 Inches 7.5 Inches 5 Inches 
Deep Deep Deep Deep Deep 
T otal bushels of potatoes __ __ ____ ____ __ 1 195 373 456 544 691 
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TABLE NO. 25. 
THE YIELDS OF CABBAGE AND ONIONS, AS HARVESTED, WITH DIFFERENT QUAN-
TITIES OF IRRIGATION WATER. 
l. 
2. 
3. 
4. 
5. 
6. 
1. 
2. 
3. 
4. 
S. 
6. 
(Y ields are expressed in pounds per acre.) 
Quantities of water used are expressed in acre-inches.) 
CABBAGE. 
Irrigation water applied- -- - ------------- - - - -------I 12.50 20.00 25.00 
Rainfall and soil water _______________ :... ___________ 1 5.54 5.54 5.54 
Total water for use of crop ______________ ________ __ 1 18.04 25.54 30.34 
Total yield of cabbage (lbs. per acre) __________ _____ 1 18490 18524 16310 
Y~eld per i.nch of irrigation water ______ ________ ____ 1 1479 926 652 
Yleld per Inch of total water __________ ________ :...___ 1025 725 534 
ONIONS. 
Irrigation water applied---- - -- - -------------------1 15.00 20.00 
Rainfall and soil water ________ ________ ________ ____ 1 5.54 5.54 
T otal water for use of ~rop--- - ------------------- 20.54 25.54 
Total y ield of onions (lbs. per acre) ________________ 1 21471 22038 
Yield per inch of irrigation water _______ __ __ __ ___ _ 1 1432 1102 
Yield per inch of total water --_________________ ____ 1045 863 
40.00 70.00 
5.54 5.54 
45 .54 75.54 
20432 23098 
511 330 
449 306 
30.00 65 .00 
5.54 5.54-
35.54 70.54 
32437 34171 
1098 526 
913 484 
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In the habit of applying to the common crops such as po-
tatoes are the most profitable when the cost of the water 
itself is considered. 
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Figure 10. 
XII. GARDEN CROPS. 
~s types of the ordinary garden crops, cabbage and oni-
ons were used. Whenever markets are available, such crops 
are usually very profitable, and are adapted to intensive cul-
ture. In Table No. 25 the acre yields of these crops for dif-
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ferent quantItIes of water are shown. The smallest quan-
tity of water used was 12.5 inches. As the water was in-
creased to 20 inches, the yield remained practically the same; 
when more than 20 inches were used, the crop increase con-
tinued. It would appear from these data, that 12.5 inches is 
the best quantity of water to apply to cabbage. From this 
point of view cabbage cannot be said to be a water-roving 
crop. This is somewhat out of harmony with the common 
belief that most of the garden crops require more water than 
the field crops. The yield of cabbage per inch of irrigation 
water, as shown in line 5, diminished very rapidly with the 
increase in the water applied. 
With onions the total yield increas'ed steadily. with the 
increase , of water to the maximum. The yield per inch (,f 
irrigation water diminished as with every- other crop consid-
ered in these experiments. However, there does not seem t::::> 
be with onions, as with practically every other crop herein 
considered, the same danger of decrease in yield with ' large 
increase in irrigation. 
Since both cabbage and onions were experimented with 
only two years, the results are not of the highest credi-
bility. 
XIII. THE BEST RETURNS FOR LAND, WATER AND 
LABOR. ' 
There is great uniformity among the results obtained 
when different quantities of irrigation water are applied to the 
representative crops studied in these experiments. In prac-' 
tically ' every case, increasing the quantity of water increased 
the total yield of the crop, but in smaller ratio as the maxi-
mum irrigation was approached. The more water that was 
used, the smaller was the return per acre inch of water. So 
large was this decrease of the acre-inch equivalent that a 
serious waste of water is to be inferred. As farmers become 
better acquainted with this truth the problem of the best quan-
tity of water to use must ever confront them with more and 
m~re force. Shall the irrigation farmer, having money 
invested in both land and water, attempt to produce the 
largest yield per acre, or the largest yield per acre inch? 
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Is there some point at which acre-yield and acre-inch-y ield 
meet to produce the largest profits? Under given condi-
tions; how much water should the farmer use? This sub-
ject will not be discussed fully in this bulletin , for it is one 
worthy of special consideration. However, a few observa-
tions may be made concerning the data upon which the 
futu re irrigation farmer must needs base his operations. 
TABLE NO. 26. 
THE CROP PRODUCING POWER OF 30 ACRE-INCHES 
OF WATER WHEN APPLIED TO DIFFERENT 
AREAS OF LAND. 
30 Acre-Inches Spread Ove~. 
CfJ CfJ CfJ Q.) CfJ Q.) CfJ Q.) CfJ Q.) CfJ CfJ CfJ 1-0 Q.) 1-0 Q.) 1-0 Q.) 1-0 Q.) Q.) Q.) • u..c . 
-< -5 fr U..c . u..c . I-o..c 0. ~uo. -< u ~ ~ u o. CROP I=: Q.) r Q.) U U Q.) t:: Q.) Q.) I=: Q.) 
- Q.) ~oQ.) Q.)H Q.) 0""""'0 Q.)H o 5::0 1=:0 0 ~If) 1-00 >::HO o~ ..c ...... o . . - If) ~ ...... ~ ~ l'-.. Cfl 
Wheat- I I I 
Bushels grain __ I 47.51 91.42 1 130.59 1 166.16 226.86 
Wheat- I 1 I 
Pounds straw __ I 4533 7908 1 10356 I 13204 17916 
Corn- I · 1 I I 
Bushels grain --1 97.12 1 187.86 1 268.56 1 316.56 
Corn- 1 1 I ' 1 
Pounds stover_ -I 10390 I 16558 I 18021 I 28756 
Timothy- I I I I 
Pounds hay ___ I 6054 I 7688 / 11739 1 11928 
Sugar Beet- I· 1 1 
(Tons) _ -- ----1 20.82 1 38.90 I 55.89 1 64.84 82.68 
Potatoes- 1 I 1 1 (Bu hels ) 
-----1 195 1 373 1 456 I 544 691 
Alfalfa- 1 1 1 I 
Pounds hay ___ I 8840 1 15093 I 29653 1 
The producing ability of 30 acre inches, when applied to 
diffe rent areas, has been shown for several of the crops con-
sidered . These results are sum'marized for easy examination 
in Table No. 26. 30 acre-inches has been taken, because it 
is within the limit, and in many instances, far below th3.t 
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ordinarily allowed, even by the most conservative irrigation 
engineers and irrigation commissions of the arid West. This 
quantity represents fairly well that which the farmer in most 
states secures for actual use on his fields, after the seepage 
and evaporation in the laterals have been accounted for. 
XIV. THE NEW DUTY OF WATER. 
The duty of water, a phrase long since ·coined to indicate 
the area of land that may be served by a definite quantity 
of water, as for example, a second-foot, running throughout the 
irrigation season, possesses different meanings in different 
districts of the irrigated section. One second-foot serves in 
. fact, from 25 to over 300 acres, with an average in the neigh-
borhood of 75 to 100 acres. 
This great variation in the duty of water is partly due to 
differences in the rainfall. Wherever this is high, naturally, 
less irrigation , water is required for a given yield. This is 
not the main cause, however, for the highest duty is usually 
found where the rainfall is light, as for instance, in southern 
California. Again the duty of water depends in part on soil 
conditions. More water is required on a gravelly soil, or one 
underlain with hardpan, than on one of uniform depth and 
texture. On a fertile soil less water is required than on Ci 
depleted one. The duty of w~ter varies greatly even on soils 
that are practically the same. Neither can the greatly vary-
ing duty of water be due to different w';lter requirements (;{ 
plants for these and other investigations have shown that 
the water equivalents ot crops under given conditions vary 
only within narrow .limits. The best studies of the subject 
rather lead to the belief that the differences in the duty of 
water lie in the 'practices of the farmer. The irrigation farmer 
usually feels that he has insufficient water; and he therefore 
labors under the impression that the more water he can 
give his crops the greater will be his reward. Every irriga-
tion farmer i,s something of a "water hog". His safety lies 
in the irrigation canals, and especially in the laterals which 
lead to his farm. One of the main efforts , of his agricultural 
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activities is to secure the largest possible quantity of water 
for his land. As a consequence, the varying duty of water 
may, ordinarily, be correlated with the total amount of water 
available in various localities. Wherever water is abundant 
its duty is low; wherever the flow of water is limited, the 
duty is high. At the upper end of the canal, the duty vf 
water is less than at the lower end. The man at the head of 
the canal has the first chance at the water and can usually 
secure a larger supply than his neighbor some miles farther 
down. 
From the teachings of these experiments, it is more tha'l 
likely that the tcwater hog" uses water to the detriment uf 
his crops. Most plants of economic importance to the farmer 
are very sensItive to water. If an excess is applied smaller 
yields may be expected and in every instance, the yield p ~r 
unit of water is diminished . 
. Practically every irrigation system covers more land than 
i.t can possibly supply with adequate water. Almost every 
farmer ·can secure more land. The plan of the tcwater hog" 
should be to secure more acres, and then to spread his supply 
of irrigation water over more land. The somewhat smaller 
acre-yield will be compensated for by greater total crop. 
These investigations, and others made elsewhere, make it clear 
. that the best quantity of water to be used for the variolls 
crops ordinarily grown is between 10 and 20 acre-inches. 
The best quantity lies probably nearer the former figure. This 
station has already suggested that one acre ' foot of water 
probably represents a fair average for the requirements .)£ 
ordinary farm crops.* Should it be increased to 20 inches 
it would still be less than the 'amount now being applied, even 
after proper allowance has been made for the evaporation and 
seepage occurring between the main canal and the farm. } t 
is doubtful if more than two feet of water are ever jtlstifiable 
on the average farm of the western ·country, especially where 
the rainfall is between 12 and 15 inches; 12 inches would 
undoubtedly be better . 
. *Twelve acre-inches would be a duty of 120 acres per second foot for 
60 days, or 180 acres fOir 90 days. 
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In the end we shall consider not only the yield per acre 
and the yield per acre-foot of water, but also the quality of 
the crop produced. When that is taken into consideration, 
as it will be in another bulletin, it is more important than 
ever that moderation should be used in the irrigation (If 
crops, for the more water that i's used, the poorer usually 
is the quality of the crop. From the point of view of sup-
plying food to make blood, muscle and bone, for man and for 
beast, the moderate use of wate.r is imperative. 
The new duty of water must be based upon such find-
ings as are herein reported. We of the West must use the 
water of our streams in such a way as to make it cover the 
largest possible area consistent with profitable returns. We 
must build a greater West by making it possible for more 
individuals to be great. The best way of doing that, so far as 
irrigation is concerned, is to use wisely and moderately the 
water we have at our disposal, so that more acres may be 
covered, more men be given employment, and more familie 
be maintained from the profits coming from t~e proper cul-
tivation of irrigated land. 
Just how this knowledge is to be brought into practIcal 
application is difficult to say. First, a campaign of educa-
tion must be waged to teach the actual relations that exist 
between ·crops and water. Then, the law makers of our 
Western states must acquaint themselves with these findings, 
and begin to express them in laws. Finally, the courts must 
become acquainted with the facts so that the laws may be 
properly interpreted. When this new knowledge shall be in-
corporated into our laws and practices, a new duty of water 
will be established which, with other advantages, will do 
much to build the new great West toward which destiny clear-
ly points. Dnle s the laws of nature be obeyed, this day of our 
greatness will be delayed in its coming. 
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